Objective-To investigate the relation between regional myocardial sympathetic nerve activity and the electrocardiographic and cardiac functional changes in hypertrophic cardiomyopathy.
Abstract
Objective-To investigate the relation between regional myocardial sympathetic nerve activity and the electrocardiographic and cardiac functional changes in hypertrophic cardiomyopathy.
Design-A retrospective study to compare the findings of myocardial scintigraphy with iodine-123 metaiodobenzylguanidine (MIBG) and the serial electrocardiographic changes.
Setting-Myocardial scintigraphy was performed with iodine-123 MIBG and thallium-201 and single photon emission computed tomography (SPECT) in the division of nuclear medicine of Kanazawa University Hospital. Both SPECT studies were performed within a week.
Patients-22 patients with hypertrophic cardiomyopathy classified according to their serial electrocardiographic changes-namely, 15 patients with an increase in or the appearance of a negative T wave (group A) and seven patients with a conduction disturbance or a decrease in or disappearance of the negative T wave (group B). The mean follow up period was 45 (range 12-143) months.
Results-Group B showed a high rate of decreased activity or defects in MIBG uptake compared with group A (p < 0005). The areas of decreased activity or defects corresponded with the hypertrophied portion of the left ventricular wall. Although the early myocardial uptake (MIBG: thallium ratio) was similar in both groups, the mean (SD) MIBG clearance rate was significantly higher (p < 005) in group B (025 (0-17)) than in group A (010 (015)).
Conclusion-Abnormalities of regional myocardial sympathetic nerve activity may be important in patients with hypertrophic cardiomyopathy and suspected progression of myocardial damage.
The clinical course of hypertrophic cardiomyopathy varies considerably. Some patients remain symptom free for many years, whereas others die suddenly or develop congestive heart failure after a short time. Cases in which the disease progresses to a dilated cardiomyopathy, with left ventricular dilatation, left ventricular wall thinning, and left ventricular systolic impairment, have also been reported.'`3 Electrocardiographic changes, particularly in T waves, occur in hypertrophic cardiomyopathy. We examined the relation between these T wave and functional changes, and reported that cardiac function was depressed in patients in whom a negative T wave decreased or disappeared.4 It is not known how localised sympathetic nerve activity in the heart is involved in these changes.
Meta-iodobenzylguanidine (MIBG) is a guanetidine analogue known to produce effects similar to those of noradrenaline. For this reason scintigraphy with radiolabelled analogues shows promise as an aid in the study of the role of sympathetic nerve innervation in heart ffnction. 20 'TI was placed in the centre of rotation in air and the SPECT count in the reconstructed image was measured. A cross calibration factor between the SPECT count and the amount of radioactivity was determined. The total injected dose in each patient was calculated by the difference between the radioactivities of the syringe before and after injection. The average SPECT count in a region of interest was divided by the total injected dose after conversion from MBq to counts by means of the cross calibration factor. For the delayed image the value was again corrected for the size and decay of the region of interest. To estimate the MIBG concentration per unit of blood flow the uptake ratio MIBG:thallium was calculated from the corrected uptake. The clearance rate of MIBG (washout rate) was calculated as (early uptake -delayed uptake) . early uptake in each segment from the regions of interest on transaxial images. These analyses were performed on the septum, generally the most hypertrophic region, and on the apical portion.
Visual evaluation of the presence or absence of defects in the MIBG SPECT images was performed in the following way to minimise bias in interpretation. A group of cardiologists determined the most hypertrophic region from the ventriculographic and echocardiographic findings. Sites of MIBG defects were determined in the delayed MIBG images by two nuclear medicine experts who were unaware of the ventriculographic and echocardiographic findings. Finally the two sets of results were combined.
ECHOCARDIOGRAPHY
Cross sectional echocardiographic studies that comprised long axis, short axis, and apical four chamber views were performed within one week of the radionuclide studies in all patients. The hypertrophied sites were identified and the thickness of the septum and posterior wall of the left ventricle was measured.
STATISTICAL ANALYSIS
All data are expressed as mean (1 SD). The significance of the variance of the means was determined by Student's t test. The presence of MIBG defects was assessed by the X2 test.
Differences were considered statistically significant at p < 0-05.
Results
There was no significant age difference between the two groups (50-1 (11-4) for group A and 59 4 (7 3) for group B). Also the thickness ofthe left ventricular wall did not differ significantly between the two groups (interventricular septal thickness 16-3 (3 4) mm and 18 3 (2 0) mm, left ventricular posterior wall thickness 12 1 (3 0) mm and 10-7 (2-9) mm in groups A and B respectively).
ELECTROCARDIOGRAPHIC CHANGES AND MIBG DEFECTS
The Figure 2 Electrocardiograms from a patient in group B showing that the giant negative T wave had disappeared from the second electrocardiogram. On the thallium image increased accumulation wasfound predominantly in the apex. On the MIBG image defects were found in the apex, inferior wall, and anterior wall (arrows).
predominantly in the interventricular septum; increased accumulation at the same site on the MIBG image. Figure 2 shows the results for one patient in group B, a 66 year old man. A giant negative T wave of > 1-0 mV was found on the 1977 electrocardiogram. This had disappeared -on the 1989 electrocardiogram. On the thallium image increased accumulation was found predominantly in the apex whereas on the MIBG image defects were found from the apex to inferior wall and part of the anterior wall. We used MIBG to evaluate the correlation between sympathetic nerve function in the heart and the pathophysiological changes that occur in hypertrophic cardiomyopathy. Transport of MIBG to the tissues is dependent on blood flow. In hypertrophic cardiomyopathy the small coronary arteries are narrowed, '7 18 and diminished coronary flow reserve'l920 and perfusion abnormalities have been shown by thallium myocardial scintigraphy.2122 To correct for the influence of these blood flow abnormalities, MIBG uptake was expressed as a ratio to thallium uptake imaged under the same conditions. At the time of visual evaluation, we judged as abnormal only those sites that showed adequate thallium accumulation together with decreased MIBG accumulation or defects; we excluded patients that showed defects on the thallium image. Because at that time there were no established quantitative nuclear medicine techniques to correct for scatter and absorption such correction was not attempted. Thus correction factors were not a source of error when the uptake ratio MIBG: thallium was calculated.
The electrocardiographic course in 100 patients with hypertrophic cardiomyopathy was assessed by McKenna et al; follow up results showed increased voltage in most and reduced voltage in only four patients.2' We previously reported in a study of patients with hypertrophic cardiomyopathy in whom left ventriculography was performed more than twice that T wave changes on the electrocardiograms more sensitively expressed the pathophysiological changes of hypertrophic cardiomyopathy than did the differences in voltage (SV1 + RV5). 4 In cases showing inversion of a positive T wave or increase of a negative T wave, left ventricular wall hypertrophy progressed. Conversely, in cases in which a negative T wave decreased or disappeared, left ventricular systolic function was depressed with wall thinning, particularly of the apical portion. A defect in MIBG uptake was found in the hypertrophied site in only one case in group A. This extended from the anterior of the left ventricle to the apical portion. By contrast, in six of the seven patients in group B in whom a negative T wave decreased or in whom conduction system disturbances were found, MIBG defects centred roughly on the site of hypertrophy in the ventricle and in the one remaining patient, both thallium and MIBG defects were found in the hypertrophied site. We speculate that a decrease in the negative T wave is brought about by primary changes such as aggravated ischaemia due to progressive impairment of the microcirculation and increased stress in association with dilatation of the left ventricular chamber. Secondary changes due to a reduction in voltage after myocyte degeneration and necrosis and left ventricular wall thinning as well as interventricular conduction disturbances may also play a part. A decrease in the negative T wave was found in four of the seven patients in group B, although this was accompanied by a decrease in the R wave in only two of these patients. This suggests that decreases in the negative T wave and R wave are not necessarily associated. Also 
